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Introduction
   In November 2007, the Fourth Assessment Report 
by the IPCC (Intergovernmental Panel on Climate 
Change)[1] presented that the reduction of energy 
consumption in housing, office buildings and other 
buildings is a key policy for mitigating global 
warming. This proposal is based on the fact that 
promotion to reduce energy consumption in this field 
was inadequate up to the present. In addition to this, 
number of buildings in globe is likely to increase in 
the future with progressing population growth and 
city’s expansion of worldwide. In June 2008, the IEA 
(International Energy Agency), in its report “Energy 
Policies of IEA Countries-Japan 2008 Review”,[2] 
stated that the Japanese energy policies based on 
technical development and voluntary approach 
in industrial sector benefited appropriateness 
and leadership. However, they also suggest that 
especially in the housing sector, the voluntary 
approach leaves room for efficiency improvements.
   Japan has been primarily promoting energy 
saving policies for household electrical appliances in 
residences by establishing the top-runner standard. 
Consequently, Japan’s energy saving technologies, 
heat pump for heating, air-conditioning, and hot water 
heating, inverter control and solar panels, became most 
advanced in the world. It is also widely recognized 
that these approach make reduction of environment 
burdens and economic growth good balance.
   On the other hand, Europe promotes reduction 
of residential energy consumption from different 
viewpoint compared with Japan. Thermal insulation 
techniques in Europe, which mainly developed in cold 
weather regions that are in high demand for heating, 
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has been evolving over a period of more than thirty 
years since the Oil Crises of the 1970s. Interestingly, 
ultimate goal of the thermal insulation techniques 
in Europe is to eliminate essential necessity about 
heating appliances[3] and is in contrast to the Japanese 
policy, which has promoted energy saving in home 
electrical appliances.
   This report particularly introduces high thermal 
insulation technologies trend as well as the basic 
concept and outlook of residential energy savings in 
various countries. Finally, it also discusses Japanese 
policies to strengthen and directions of technical 
development to be needed.
Residential CO2 emissions and 
related policies
2-1 Outline of residential energy consumption 
   In general, energy consumption for heating holds a 
large percentage of energy consumption by households 
in the developed countries. Energy consumption for 
heating in wintertime accounts for 50 to 80 percent 
of total annual energy consumption excluding Japan 
and Australia (Figure 1). If hot water is also included, 
the percentage of energy consumed as a heat source 
is even larger. On the other hand, residential energy 
consumption in Japan is relatively small compared 
with other countries, but looking at the percentage of 
energy consumption by region, conditions are various 
(Figure 2). In Sapporo of northern Japan, energy 
consumption for heating is large at over 50 percent of 
total energy consumption. Total energy consumption 
in Sapporo is nearly double of that in subtropical 
Naha, this difference comes from heating usage. In 
regions besides Sapporo, energy consumption for 
heating accounts for about 20 percent of every region 
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except Naha. These facts suggest the importance of 
reducing energy consumption for heating in winter 
season.
   One thing that should be considered on residential 
energy consumption in Japan is the fact that total 
energy consumption per household has been 
continuously increasing. According to Figure 3, CO2 
emissions (equivalent to energy consumption) are 
increasing rather than the growth in the number of 
households. Looking at trend in residential energy 
consumption by application, heating-use and power-
use (lighting, personal computers, televisions, etc.) 
are especially increasing. This trend corresponds 
to transition about ownership of home electrical 
appliances by households, such as room air-
conditioners and DVD players, as shown in Figure 4.
   In Japan, the climate is relatively warm in winter 
season and local heating way in house was common 
as Japanese culture. That is the reason why Japan’s 
energy consumption for heating is smaller than 
other countries. In Europe and the United States, it 
became general custom to live in a comfortable space 
uniformly heated throughout the whole house even in 
winter by a central heating system. On the other hand, 
in Japanese custom, it was general to heat only a few 
rooms to necessary by placing heating unit every room 
space. From the viewpoint of energy consumption, 
Japan seemed to be superior.  However, even in Japan, 
considering that increasing of heating appliances 
for room and residents would require an “affluent 
and healthy life” on the same level with the western 
countries, energy consumption will likely increase. 
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Figure 1 : Residential energy consumption  (country comparison, 2001)
Prepared by the STFC based on Reference[4]
Figure 2 : Residential energy consumption by application 
                 (comparison of eight cities in Japan) 
Prepared by the STFC based on Reference[4]
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   From the viewpoint outlined above, this report 
discusses trends on technology and policies to reduce 
winter energy consumption for heating that holds a 
key position in the residential energy consumption.
2-2 Residential energy conservation 
policies of various countries
2-2-1 Outline of energy conservation policies
   Table 1 shows an outline about the examples of 
energy conservation standards for housing, which 
have been implemented in several countries. The 
energy conservation standards by all the countries 
listed here are based on energy conservation 
standards, which had been established or revised 
after the Oil Crises of the 1970s. In the United States, 
many states implement their own energy conservation 
codes based on individual state’s judgment. Except for 
several states, the code obliges housing to apply these 
energy conservation standards. 
   In the EU, the “Energy Performance of Buildings 
Directive (EPBD)” was brought into force on 
January 4, 2003, and presents guidelines that 
housing in EU member nations must hold residential 
energy consumption performance. Based on the 
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Figure 3 : Residential energy consumption  (country comparison, 2001)
Source: Reference [4] Source: Reference [5]
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Figure 4 : Ownership of home electrical appliances by households in Japan
Source: Reference [5]
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EPBD, the member nations have created domestic 
systems and begun starting implementation. In 
particular, Germany has been promoting a similar 
system earlier before the above-mentioned directive 
by the EU had started. In 2002, previous energy 
conservation law had been revised to EnEV 2002 (a 
government ordinance in connection with thermal 
insulation and equipment for energy conservation 
in buildings). This ordinance specifies not only 
standards for structures and equipment for warm 
keeping in new construction and renovation, but 
also usage of certified heating equipment and 
prohibition, after 2006, on the use of heating 
equipment installed up to 1978. On October 1, 2007, 
the revised ordinance EnEV 2007 was brought into 
force and obliged to show an “Energy Performance 
Certificate” certificate (see 2-2-2 for details) when 
buying and selling residential housing and buildings 
constructed before 1965. From January 1, 2009, a 
new requirement that newly constructed buildings 
must hold an Energy Performance Certificate will 
be bound. As for non-residential buildings, the 
same policy will start on July 1, 2009. 
   In Japan, “Act on the Rational Use of Energy” had 
established in 1979, energy conservation standards 
for buildings was brought into force. Energy 
conservation standard revised in 2006 specifies that 
owners of office buildings and administrators of 
multi-unit residential buildings, with floor space of 
2000m2 or more, must report measures for energy 
savings. However, for general residences with an 
area of less than 2000m2, this policy is limited to 
voluntary obligation. Since energy conservation 
standard with only limited force seems to be 
rare in the advanced nations, strengthening and 
improvement of this point should be expected. 
2-2-2 Trends in Germany toward improvement 
of residential energy consumption 
   When purchasing an automobile, it is general to 
consider so-called “fuel economy” as a material for 
comparative study so that the consumer can check 
in advance the running cost, other maintenance 
costs, and environmental burden. In case that the 
“fuel economy” does not exist, even if the various 
individual performance specifications on the engine, 
air-conditioner, audio system, etc. is provided to 
consumer, it would be difficult to understand the 
actual final energy consumption as a whole vehicle. 
The concept of the “Energy Performance Certificate” 
corresponds to a residential version of automotive 
“fuel economy,” in that annual energy consumption 
is showed as a numerical value per unit of floor space. 
Germany’s “Energy Performance Certificate” is a 
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





























 







 


    






（

）




 











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Table 1 : Examples of energy conservation standards for housing
Prepared by the STFC based on Reference[6-14]
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system that was brought into force in advance of the 
EU’s “Energy Performance of Buildings Directive” 
(discussed in section 2-2-1) and aims at grasping and 
efficiently reducing final total energy consumption 
from residences. 
   Under this system, the owners and managers 
of buildings must hold an “Energy Performance 
Certificate”. The Certificates are issued by persons 
who possesses qualif ications cer tif ied by a 
supervisory body.[15] The conditions for acquiring the 
qualification to issue this certificate are regulated in 
detail, and include the university curriculum, business 
experience, etc. In order to fulfill the enforcement of 
this system, several thousands of qualified persons 
had been training in Germany. 
    This certificate comprises two parts, “Actual current 
energy consumption” and “Efficiency improvement 
by renovation” (Figure 5). In the part of “Actual 
current energy consumption”, the energy consumption 
is considered by calculation not only required for 
maintaining the specified room temperature and 
heating hot water, but also adjusted for the cost of 
energy from mining to transportation, up to the 
supply of primary energy such as electricity, gas, 
etc. For example, if the building uses private power 
generation by solar panels, it is possible to visualize 
the amount of reduction in real energy consumption. 
Thus, this is a system that encourages the selection of 
more efficient primary energy. In the part regarding 
“Efficiency improvement by renovation,” concrete 
proposals are described, even in the case of newly 
constructed residence. These include structural parts 
of the residence, such as windows, walls, doors, etc., 
and types of equipment, such as hot water and heating 
systems. 
2-2-3 An experiment to create low energy city 
block
   In the EU, a large-scale experiment has begun 
obtaining the amount of actual energy consumption 
when residents live in low energy housing by test at 
the city block unit. This is called the “POLYCITY”[16] 
Project and is extremely large-scale under the 
“CONCERTO”[17] initiative, which supports innovative 
energy policy in the EU as a whole. The sites of the 
project are currently being newly constructed at three 
locations in Germany (Ostfildern, Stuttgart), Italy 
(Arquata, Torino) and Spain (Credanyola, Barcelona), 
but data collection has partially begun. The collected 
energy consumption data are accumulated, and 
they will also be posted on a website. In the project, 
demonstration results of the energy conservation, 
not only by the individual building unit but also by 
the city block unit, which has flexible energy usage 
among different buildings, are expected. Since the 
site includes office buildings and power generating 
facilities besides housing, the project will be expected 
to comprehensively manage total energy supply 
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Figure 5 : Energy Performance certificates used in Germany
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and demand at the city block unit as an extremely 
interesting social test. 
Situation of CO2 reduction in 
housing
3-1 Basic concept of residential CO2 
reduction 
   Formulation shown in Figure 6, which is defined 
in this report to quantitatively evaluate the current 
status of residential energy consumption in Japan, is 
a concept model of energy consumption. To reduce 
energy consumption (equivalents CO2 emissions) 
of heating and hot water supply in housing, it is 
necessary to consider three factors: (1) “Energy saving 
in warm keeping of building,” (2) “Higher efficiency 
in heating equipment,” and (3) “Reduction of CO2 
emission in supplied primary energy.” This report 
explains the significance and current status in Japan of 
each factor in the following.
3-2 Energy saving in warm keeping of 
building
   In Figure 6, (1) “Energy saving in warm keeping 
of building” is defined as the percentage of heating 
value supplied from heating equipment in order to 
maintain the living space temperature constant. Heat 
in a living space escapes via the building envelop 
(outer surface of a building), which faces the outside 
air and ground surface, and this becomes heat loss. 
Therefore, with using low-heat-flow materials at 
the walls, windows, and other parts of the building 
envelop, the heat loss and the heat supply requirement 
as essential heat source reduce. That is, the ideal 
building structure should look like a Vacuum Flask 
enables to keep room temperature constant. Figure 7 
shows a comparison on heat loss coefficient[NOTE 1] in 
Japan and the United States and European countries, 
which is specified as one of energy conservation 
standard for thermal insulation performance. All 
countries establish energy conservation standards 
corresponding to the climatic conditions in respective 
region, and oblige stricter standards with colder 
regions. The standard in Japan for cold climate region 
corresponding to Sapporo seems to be the same 
level as those of other countries. But the standards 
for south areas from Tohoku (northeastern Japan) 
and for extremely cold areas like Kushiro (coastal 
city in eastern Hokkaido) are easier compared with 
other countries. Consequently, the standards and 
implementation in Japan are obviously behind than 
other countries. 
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Figure 6 : Concept of residential energy saving 
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   Figure 8 shows a comparison on coefficient of heat 
transmission[NOTE 3] in order to understand the thermal 
insulation performance of windows as positioned key 
components in the building envelop. The standard 
in southern France, which is a warm region with a 
Mediterranean climate, is almost the same as that in 
Hokkaido in northern Japan. Moreover, the standards 
in Germany and northern Europe, which have 
cold climates, are stricter twice than that in Japan. 
In countries that have strict energy conservation 
standards, since it is difficult to meet regulations with 
single-layer windows, multi-layered insulating glass 
is generally used. Table 2 shows the penetration rate 
of the insulating glass. The European nations obliges 
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Figure 7 : Comparison of residential energy conservation standards 
                 (heat loss coefficient)
Prepared by the STFC based on Reference[6]
Figure 8 : Comparison of energy conservation standards for windows 
                 (heat transmission coefficient)
Prepared by the STFC based on Reference[6]
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buildings to apply the insulating glass, as a result, 
penetration rate of 100 percent has been achieved. 
In Japan, the penetration has been rapidly increasing 
recent years in newly constructed housing, but is still 
extremely low level in existing housing. 
   As described above on (1) “Energy saving in 
warm keeping of building”, the standards and 
implementation in Japan are obviously behind than 
other foreign countries.
 
3-3 Higher efficiency in heating equipment
   In Figure 6, (2) “Higher efficiency in heating 
equipment” is defined as the ratio with the heating 
value supplied from heating equipment and primary 
energy consumption to run the equipment such as 
electricity and gas. Japan has currently an advantage 
in this field, for example, heat pump technologies for 
heating, air-conditioning, and hot water heating and 
energy saving in products by using inverter control, 
etc., energy conservation policy based on the top-
runner system has motivated to establish the situation. 
In the international comparison of heat pump 
efficiency shown in Figure 9, Japan’s COP (Coefficient 
of Performance) is extremely high efficiency at 
exceeding 6, compared with that of heat pump air-
conditioners in North America and Europe at 2.2 to 3.8. 
The figure about transition of efficiency improvement 
also shows that COP has been constantly improving 
since the top-runner system was introduced in 1999. 
By applying this technology, heat pump-type boiler 
using CO2 as a refrigerant has rapidly progressed in 
efficiency improvement. A COP has improved by 
[NOTE 1] Heat loss coefficient :
Generally called as “Q value,” expresses the thermal insulation performance of a whole house unit as 
with numerical value. The Q value is calculated from dividing heat loss, which obtained by calculating 
the sum of the heat escaping via walls, ceilings, floors, windows, and other parts, by the floor area. The 
thermal insulation performance of house increases with decreasing the Q value. The unit is W/m2・K.
[NOTE 2] Heating degree-day (D18-18) :
A heating days is defined as a day when the average daily temperature falls below 18°C, the heating 
degree-day is calculated the temperature difference between the average daily temperature and 18°C. For 
example, in case of the average daily temperature is 17°C, this is called a 1 degree-day (°C day). This 
index is generally expressed as accumulated value over the year (season).
[NOTE 3] Coefficient of heat transmission : 
Generally called as “U value,” expresses the thermal insulation performance of parts and components in 
building envelope with numerical value. The U value is calculated from material thermal conductivity 
used in the part and its thickness, etc. but the area of the part or component is not considered. The 
thermal insulation performance of house increases with decreasing the U value. The unit is W/m2・K.
Table 2 : Penetration of insulating glass windows
Prepared by the STFC based on Reference[18,19]
Country
Penetration of insulating windows (%)
Newly constructed housing Existing housing
Finland 100 100
Germany 100 73
Sweden 100 100
Netherland 100 57
Denmark 100 99
Luxembourg 100 59
Austria 100 100
Portugal 17 11
United Kingdom 100 64
United States 90 90
Japan 31 (90*1) 2 (6*1)
   *1: Result from survey in 2007.                            (1998; survey by the Flat Glass Manufacturers Association of Japan)  
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40 percent in recent 5 years and unit penetration has 
increased by a million in 6 years. 
3-4 CO2 reduction in supplied primary 
energy
   In Figure 6, (3) “Reduction of CO2 emission in 
supplied primary energy” is defined as the amount 
of CO2 emissions to be spent over the whole process 
from energy production and supply until using 
primary energy in housing, such as electricity or 
gas. This factor is so-called “unit CO2 emissions of 
primary energy.” For example, in electric power, 
France, which the nuclear power generation ratio 
is extremely high at 82 percent, is in the lowest 
emissions level. Canada, which has high hydro power 
generation ratio of 58 percent, is the low emissions 
too (Figure 10). In Japan, although the nuclear power 
generation ratio and the hydro power generation ratio 
is not so high as these two countries, CO2 emissions 
level is relatively superior by utilizing limited nuclear 
power (nuclear power generation ratio: 29 percent) and 
developing high efficiency thermal power generating 
technologies.[21] Ideally, the residents should choose 
the primary energy with the lowest unit CO2 emission 
from electricity, gas, etc. However, it would be 
the realistic way to select the optimum energy by 
considering combinations of energy sources and the 
equipment mentioned in the above (2). If the residents 
install private power generation by renewable energy 
on buildings such as solar panels, further improvement 
in this factor will be expected. 
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Figure 9 : International comparison and transition in heat pump efficiency
Source: Reference [20]
Figure 10 : Comparison of unit CO2 emissions in electric power
Prepared by the STFC based on Reference[22]
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3-5 Points of focus
   In order to reduce energy consumpt ion 
accompanying heating in winter, a well-balanced 
improvement with both (1) “Energy saving in warm 
keeping of building” and (2) “Higher efficiency in 
heating equipment” should initially be considered. 
Although replacing old heating equipment to new 
one with excellent energy saving performance is 
important, heating unit capacity will not necessarily 
decrease and operating efficiency of the equipment 
will deteriorate unless the thermal properties of 
buildings are improved. From this viewpoint, what 
Japan should focus is to promote policies and technical 
development for reducing essential energy to maintain 
room temperature comfortable by concentrating on 
(1) “Energy saving in warm keeping of building”. By 
focusing on thermal insulation technologies in the 
following Chapter 4, this report explains how practical 
technologies for reducing heat loss are progressing. 
Technology Trends on Energy 
saving in warm keeping of 
building 
4-1 Thermal insulation technologies for 
windows
   According to the estimation based on the house 
model under the 1992 standard, 48 percent of 
heat during heating in winter escapes outdoors 
via openings such as windows and doors, and 71 
percent of heat enter from outdoors during cooling 
in summer.[23] This is because the thermal insulation 
performance of openings is inferior to that of other 
parts such as walls, floors, and ceilings. Figure 11 
shows the fact that the thermal properties of the 
materials used in openings is poor. For example, the 
thermal conductivity of the glass and aluminum used 
in windows is prodigiously higher than the wood and 
glass wool used in walls. This is why strengthening 
thermal insulation in windows and doors have 
strongly been required. In addition to this, average 
window area per housing unit in Japan is large at level 
of 1.2 times to that in Germany and 1.9 times to that 
in France.[24] Japanese likely prefer taking natural 
sunshine and breeze into house inside. 
   Although opening parts include some components 
such as entrance doors, etc as well as windows, this 
report particularly explains about windows (Figure 
12) that remarkably affect on energy consumption of 
housing and are used in many place of housing. 
(1) Window frames
   In window frames, once steel was used and 
aluminum has been widely used so far. When 
aluminum is used in a window frame, the thermal 
insulation performance becomes worse. This is 
because, since the thermal conductivity of aluminum 
is prodigiously higher than those of wood and resin 
and is also higher than that of glass, as shown in 
Figure 11, the heat loss caused by intensive heat 
flow at aluminum window frames from indoors to 
outdoors occurs. In order to reduce the heat loss, 
composite structures, in which resin is partially used 
in aluminum window frames, have been developed. 
At present, window frames made of mono-resin are 
gradually coming into the mainstream. On the other 
hand, in countries like Sweden that holds abundant 
wood resources, window structure with all-wooden 
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Figure 11 : Thermal properties of representative materials used in housing
Prepared by the STFC 
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frames have independently developed. In any cases, 
the thermal properties like resin or wood should 
initially be considered to qualify for window frame 
materials. 
(2) Glass (Layer and Gas fills)
   As previously mentioned, in countries that have 
strict energy conservation standards, multi-layered 
insulating glass is generally used in order to meet 
their regulations. The multi-layered insulating glass 
is a window with double-glazed or triple-glazed 
glass and a space formed between each glass. The 
space is formed by sandwiching a spacer with a 
desiccant, using the both glass. By inserting a space 
(air layer) with one-digit lower thermal conductivity 
(0.023W/m・K) than that of glass (0.65W/m・K), 
it become possible to reduce the heat loss to flow 
via the glass surface from indoors to outdoors. 
The effectiveness of this measure will gain with 
increasing the number of glass layers (number 
of air layers), but the cost will become expensive 
too. In recent years, products filled with argon gas 
(thermal conductivity: 0.018W/m・K), which has 
even lower heat transmission than air, have been 
commercialized. 
(3) Glass (Coating)
   In indoor environment, the temperatures people 
can sense is influenced a lot by not only the direct 
temperature of the air and heating equipment but 
also radiant heat generating on the surfaces of 
objects such as heaters, walls, and furniture. A Glass 
that is designed to reflect the indoor radiant heat and 
not to escape the heat to the outside is called “Low-E 
(low emissibility) glass.” The coating film for 
Low-E is made of metals and it appears extremely 
thin and transparent. By reflecting wavelengths 
generated on indoor heaters and other objects with 
this glass, the thermal insulation performance of 
windows improves by 1.5 to 2 times. On the other 
hand, since the wavelengths of sunlight can pass 
through the window in this film, it enables to utilize 
sunlight as actual effective heating source for room 
in wintertime. 
(4) Window Structure
   Products of windows available in the market have 
various levels of thermal insulation performance, 
depending on the structure with combination of 
parts and materials as shown in Figure 13. This 
figure obviously tells what a superior performance 
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Figure 12 : Structure example of thermal insulation technologies for windows
Prepared by the STFC 
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the high thermal insulat ion windows have, 
compared to the conventional window structure 
with aluminum frame and single glazed glass. 
As discussed in section 3-2, in Europe, energy 
conservation standard requires conditions for 
structure and specifications of windows to meet their 
regulations in each country. It is roughly estimated 
that CO2 reduction effect by replacing glass from 
single-glazed into double-glazed with Low-E is 350 
(kg-CO2/year-house unit) in Tokyo or Osaka and is 
800 in the city of Morioka in northeastern Japan, even 
if the window structure is conventional aluminum 
flame.[25] This effect corresponds to a reduction of 10 
to 20 percent in annual heating energy.
4-2 Thermal insulation technologies for 
walls
    Since walls are generally constructed with materials 
such as wood or glass wool, which have lower heat 
conductivity compared to glass and metal used in 
opening parts, their thermal insulation performance 
is high. However, as the walls accounts for large 
percentage of the area against a whole surface of 
housings, the thermal insulation structure of the walls 
will widely affect on total heat loss. The housing 
structures generally used in Japan has various types, 
such as wooden, prefabricated, steel moment frame, 
reinforced concrete, etc. From wooden housing, which 
has excellent thermal insulation performance, this 
report introduces the following thermal insulation 
construction methods recently applied in Japan 
for wood-framed construction like two by four 
construction.
   Figure 14 is an example of high thermal insulation 
construction method for wall based on general wood-
frame construction. A ventilation layer is placed on 
the indoor side of the exterior wall material, and a 
moisture protecting and air sealing sheet is inserted on 
the back side of indoor gypsum board. The ventilation 
layer enables to prevent heat loss from passing 
through the exterior wall from indoors, by circulating 
air, which is closer to room temperature rather than 
outdoors. In addition to this, the ventilation layer plays 
to discharge the humid air accumulated in inside of 
the wall structure. As a harmful effect by increasing 
thermal insulation performance, dew condensation 
must be considered. In case that heat transfer is cut 
by inserting or placing with high thermal insulating 
materials, a sharp temperature gradient is likely to 
cause at boundary surface contacting the thermal 
insulation materials. As a result, condensation 
will occur if the atmospheric humidity is high. 
Condensation not only degrades durability of the 
housing by causing corrosion of the components, but 
also has influence on health as causing mold. In order 
to prevent these harmful effects, control technology of 
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Figure 13 : Structure example of thermal insulation windows contributing to energy saving in opening parts
Prepared by the STFC based on Reference[26]
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humidity inside of the wall structure corresponds to 
high thermal insulation era becomes quite important. 
The moisture protecting and air sealing sheet, on the 
back side of the indoor gypsum board wall, is placed 
as a countermeasure for this. This sheet prevents the 
moist air caused at indoors from passing through the 
gypsum board and penetrating to inside of the thermal 
insulation material. In addition to this, by the effect 
of sealing invisible clearance at connecting part of 
wall materials, heat loss will reduce. Due to this wall 
structure, the thermal insulation performance gained 
high level at coefficient of heat transmission of 0.4 (W/
m2・K). Thermal insulation performance of a whole 
housing based on this wall structure achieved twice 
at heat loss coefficient of 1.3 (W/m2・K), compared 
to that the general wood-frame construction method 
reached.[27] These values are on a level to meet the 
energy conservation standards in northern Europe. 
   Figure 15 shows an example of high thermal 
insulation construction method using internal wall 
insulation and external wall insulation based on 
general wood-frame construction. Essentially, key 
wards of “internal wall insulation” and “external wall 
insulation” were used as a technical term meaning how 
to cover the concrete wall with insulation materials, 
but the term is becoming general ward in recent 
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Figure 14 : Example of high thermal insulation construction method for wall
Prepared by the STFC based on Reference[27]
Figure 15 : Example of high thermal insulation construction method for internal and 
external wall insulation
Prepared by the STFC based on Reference[28]
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years. Therefore, this report uses the ward here as a 
general expression. As for the external wall insulation, 
insulation material with a thickness of 100mm 
(polystyrene: 50mm, glass wool: 50mm) is applied 
to the indoor side of the exterior wall. For the internal 
wall insulation, insulation material with a thickness of 
50mm (glass wool: 50mm) is applied to the back side 
of the gypsum board. Since the moisture protecting 
and air sealing sheet is placed on the outdoor side of 
the internal wall insulation, the sheet enables to prevent 
the moist air from penetrating to inside of the thermal 
insulation material (rock wool), like previous example 
shown in Figure 16. With this wall structure, the 
thermal insulation performance gained very high level 
at coefficient of heat transmission of 0.13 (W/m2・K). 
   Figure 16 shows an example of high thermal 
insulation construction method for foundations. As for 
the external wall insulation for foundations, insulation 
material with a thickness of 120mm is covered to 
the outer side of the concrete foundation wall. In 
addition to this, insulation material with a thickness of 
200mm is placed between the ground surface and the 
concrete slab. The thermal conductivity of concrete 
used in foundation is approximately 10 times greater 
than that of wood, and concrete easier transmits heat 
(Figure 11). This thermal insulation construction 
enables to prevent from the foundation temperature 
become the same as outside atmospheric temperature. 
Due to this effect, heat loss caused by heat flow from 
wooden structure to concrete foundation will reduce. 
The construction methods with examples shown in 
Figure 15 and Figure 16 achieved three times at heat 
loss coefficient of 0.8(W/m2・K), compared to that the 
general wood-frame construction method reached. 
As these examples shows, the high thermal insulation 
housing in Japan, which will meet strict energy 
conservation standards applied in northern Europe, is 
progressing in the practical stage.
4-3 Countermeasures to improve thermal 
insulation performance: Airtightness 
and heat bridge
   In many countries including Japan, airtightness 
indexes for improving thermal insulation performance 
are specified in the energy conservation standards for 
housing. The airtightness index is a value obtained 
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












Figure 16 : Example of high thermal insulation construction method for 
foundations
Prepared by the STFC based on Reference[28]
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by dividing the total area of tiny clearance existing 
on building envelope such as exterior walls, ceilings, 
floors, and windows by the floor area of the building, 
and is called the C value (equivalent opening area). 
In general, heat loss increases with increasing the C 
value, because outside cool air flows into the wall 
structure inside and the heated indoor air flows to the 
outside through the clearance. This C value is only 
obtained by field measurement of invisible clearance, 
and is greatly influenced by how to construct. Actual 
countermeasure for airtightness requires quite careful 
design and construction treatment, such as, how to 
seal the clearance in electrical outlets and wiring 
inside walls, how to precisely cut and shape the 
thermal insulating materials to tightly enclose in wood 
frames. As mentioned in the previous section, the 
moisture protecting and air sealing sheet are placed to 
enhance airtightness performance too. 
   Another factor to improve thermal insulation 
performance is heat bridge. A heat bridge is a 
phenomenon that heat flows between housing inside 
and outside atmosphere, it occurs at balcony, roof and 
wall, etc, via the structure parts connecting both inside 
and outside. Essential countermeasures for heat bridge 
is to physically intercept the route of heat transmission 
in the part. Concrete measures used in Europe are, for 
example, independent installation of the balcony by 
separating from the housing itself and minimization 
of the roof installation parts. These measures are still 
not familiar in Japan where the earthquake frequency 
happens, but it should essentially be considered to 
establish effective way in the future.
4-4 High performing insulating materials
   In recent development of thermal insulation 
materials, the performance gained high level at the 
thermal conductivity of 0.02 (W/m・K) [29], while the 
thermal conductivity of conventional glass wool is 
0.05 (W/m・K) (Figure 11). One of main direction 
of high performing insulating material technologies 
is to establish the independent foam structure that 
no bubble cell connects each other in resin bulk. By 
recent manufacturing technologies, such as bubble 
cell minimization and foaming gas injection, thinner 
thermal insulation layers has been progressing. Due 
to this effect, it enables to save the filling space of 
insulation materials only at 40 percent against the 
thickness with the glass wool (under equivalent 
performance). Since the material is like a hard board, 
it cannot be used as soft materials to fill up, but it will 
likely be suitable for use as an insulating film when 
used with exterior wall panels, etc. It also has another 
potential for application as a heat bridge shield, such 
as an insulating film to cover the steel frame surface 
in steel moment frame construction.
4-5 Germany’s passive house: the ultimate 
level of thermal insulation standard 
   Germany has promoted energy saving house under 
an energy conservation policy for the consumer sector 
since the Oil Crises of the 1970s. In the historical 
process, researchers had challenged to explore 
zero energy house. It is recognized that the past 
experimental challenge formed strict energy saving 
standard in today’s Germany. Germany’s current “low 
energy house standard” legally requires that annual 
energy consumption accompanying heating of the 
house (detached house) is 70 (kWh/m2・year) or less 
(Table 1). Furthermore, party has been discussing 
what a stricter standard should look like after 2009. In 
Germany, there are some voluntary stricter standards 
besides current legal standard, such as, the “3 liter 
house” (derived from fuel consumption of boiler) and 
the strictest the “passive house.”[30] A “passive house” 
is defined as a house that uses no more than 15 (kWh/
m2・year) of annual energy consumption for heating 
(detached house). This performance level means the 
house practically does not need heating equipment 
even in wintertime. According to Germany’s Passive 
House Institute,[30] the number of registered actual 
buildings examples on “passive house” reached more 
than 1,000 units, mainly constructed in Germany. 
In addition, the number of house unit including 
apartment house of multi-unit residential buildings 
already exceeded 6,000 at 2005. The trends toward 
“passive house,” which will suggest ideal buildings 
vision in thermal insulation performance to us, will 
likely be a remarkable driving force for establishing 
the future energy conservation standard.
Energy conservation policy and 
technology development for 
future housing in Japan 
   Table 3 shows idea what a desirable policy and 
technology should look like in the future. The figure 
summarizes the directions of idea in policies and 
technologies using box A through D. 
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A. Measure to newly constructed housing with 
existing technologies
   In the policy side, making residential energy 
conservation levels similar to those in other foreign 
countries should initially be considered. In addition, 
it is necessary for Japan to discuss about establishing 
further stricter standards to be the leader of low carbon 
society in the future. To make these ensure as effective 
measures, it is vital to switch to mandatory standards. 
The discussion will also need approach from other 
side of financial incentive including preferential tax 
treatment, etc. In the technology side, many kinds 
of parts and components to suit for high thermal 
insulation performance are already available. Thus, 
by adapting these to the housing construction widely 
in Japan, we can expect to realize the high thermal 
insulation housing to meet high thermal performance 
requirements assuming in the near future. However, 
this does not mean that all designers and construction 
contractors understand thermal insulation technology, 
and furthermore, energy conservation is still not 
a high priority for building owners. The above 
situation formed the points to measure that are 
standardization and promotion of thermal insulation 
system technologies and improvement in appealing it 
for building owners. For this, various efforts, such as 
leadership of the government as well as improvements 
by parties concerned in building construction, would 
be needed. In terms of incentive for building owners, 
NEDO (New Energy and Industrial Technology 
Development Organization) has been implementing 
the policies, such as promotion for introducing highly-
efficiency equipments and subsidy program in thermal 
insulation renovation,[31] but the procedures and 
process are troublesome. By considering reduction the 
price of the thermal insulation parts and components 
with preferential treatment based on the thermal 
insulation performance rating system that have begun 
implemented in window parts, we can expect more 
easier system and procedures that does not need 
application by building owner in the future. There are 
also some room for discussion about new preferential 
treatment in tax and building area regulation, which 
does not include the space used for energy saving in 
the building area, etc. 
B. Measure to newly constructed housing with 
new technologies 
   In Japan, tough buildings used steel frame and 
metal a lot, which was prepared for natural disasters 
of earthquake and typhoon, has developed and 
become general. The housing used metal like this 
necessarily become disadvantageous in thermal 
insulation performance because the heat flowing in the 
metal structure tends to increase. However, thermal 
insulation construction methods, which physically 
intercept the route of heat transmission between metal 
flame and outside atmosphere, have been developing 
in recent years. There is a case that accomplished high 
level at heat loss coefficient of less than 1.0(W/m2・K) 
as practical technology.[32] What to aim new housing 
idea, which satisfies both high thermal insulation 
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










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


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







∙ 



 


∙ 
∙


Table 3 : Directions of desirable policies and technology
Prepared by the STFC
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performance and tough structure for earthquake by 
further promotion of these technologies, will be the 
distinctive way Japan should approach. 
    Essentially, the areas in Europe, where high thermal 
insulation technologies for housing have developed 
so far, does not necessarily need air-conditioning 
equipment for cooling because of colder climate. 
Because the climate in Japan is hot and humid in 
summer compared with areas like this, we require 
the air-conditioning equipment for both heating and 
cooling. Thus, in addition to wintertime performance 
of thermal insulation and warm keeping, summertime 
performance of sun shading and cool keeping are also 
becoming important. The performance of cool keeping 
improves with increasing the performance of thermal 
insulation at the same time, but the improvement in 
performance of sun shading will require modifying 
other individual measures. In Europe, product of 
sturdy motorized metal sun-screen installed to 
the building outside space, which respond the sun 
shading problem, are recently being introduced to 
many buildings. Shielding solar heat at outside of 
the buildings is so efficient rather than at inside that 
the method have progressed. When considering 
application in Japan, however, heavy wind due to 
typhoon will likely become a major problem. Japan has 
traditional excellent culture of hanging screen “Sudare” 
and rain shutter “Amado”, but these are detachable 
when using. It will be vital to have features that cannot 
break by heavy wind. Today, Japan acknowledges the 
importance of establishing the future original window 
to highly meet both requirements of thermal insulation 
and sun shading derived from Japanese climate 
condition. To sooner create concrete versatile window 
structure based on the concept, which was listed in 
the Technology Strategy Map 2008[33] presented by 
Ministry of Economy, Trade and Industry (METI), 
would be quite important policy for Japan. 
C. Measure to existing housing with existing 
technologies 
   In the policy side, regulation based on residential 
energy conservation standards should initially be 
applied to existing housing, as done in the foreign 
countries. In Europe, where obliges existing housing 
to meet the regulations, renovation construction for old 
buildings using thermal insulation for exterior wall are 
implementing, except for the buildings registered as 
World Heritage Site. In Japan, the number of existing 
housing amount about 47 million units, which is 
overwhelmingly large compared with that of newly 
constructed housing at about 1.2 million units in recent 
years. As it is generally thought that replacing all the 
existing housing to the newly constructed housing 
needs 40 years, it is clear that drastic strengthening of 
renovation will strongly be required for the existing 
housing. However, cheaper renovation method without 
large-scale construction exists even today, renovation 
parts, which enable to exchange only window glass 
from single-glazed to multi-glazed glass, are still 
available in the market. Above discussion formed 
remaining issue that government should promptly steer 
is to makes a promotion plan by gathering parties, such 
as renovation parts manufacturers and contractors. 
D. Measure to exist ing housing with new 
technologies
   In order to realize efficient renovation to current 
existing housings, new technology development 
is desired, which realize cheaper renovation and 
shorten construction term by establishment of 
modularization enables quick exchanging parts and 
components. On the other hand, it is also necessary 
to consider new renovation technology for the future 
existing housing which will have been constructed 
in the coming years. Since the housing structures is 
becoming sturdier and longer life recently, the need for 
replacement of new windows and doors updating to 
higher thermal insulation performance after the house 
constructed would increase in the future. In this case, 
by standardization based on investigation about what 
parts and components should be designed for easier 
exchange in advance, reduction of wasteful demolition 
will be expected. 
Conclusion 
   In order to be a leader of Low-Carbon Society era in 
the future using the advantage of high efficient heating 
equipment technology Japan has cultivated, promotion 
to progress high thermal insulation housing technology 
should initially be considered to focus. For this, the 
establishment of strict energy conservation standards, 
which meets long term vision and the support for 
technical development to correspond the requirements, 
will be urgent issues Japan should implement. Japan’s 
condition that housing exists is extremely special, for 
example, cold climate in winter, hot and humid in 
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summer, and earthquakes and typhoons are frequent. 
To establish Japan’s low energy house, which suit for 
particular situation Japan has, it will be necessary to 
develop new thermal insulation system technologies 
which incorporate unique technologies as well as 
catching up with the technologies developed in 
Europe. Japan is a country that has various housing 
construction method. When we develop and promote 
the thermal insulation technology in Japan like this, 
standardization of the system technologies beyond 
framework based on existing circle of housing 
construction method and academia will be the key 
action. If we carry out in practice what Japan should 
implement from the present, it is expected that housing 
environment in Japan will have improved beyond all 
recognition after one to two decades.
Acknowledgements
   The author would like to express gratitude to 
the following people for valuable opinions and 
their information in this paper: Secretary General 
Masazumi Horiuchi, External Insulation Promotion 
Council (Nonprofit Organization), President Yuji 
Imagawa, Imagawa Architectural Design and 
Supervision Company, and Professor Emeritus 
Tatsuaki Tanaka of Ochanomizu University.
References
[1]      Homepage of the IPCC (Intergovernmental Panel on Climate Change) : http://www.ipcc.ch/
IPCC Fourth Assessment Report (November 2007) : 
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_synthesis_report.
htm 
[2]    Materials of the International Energy Agency (IEA), “Energy Policies of IEA Countries – Japan 2008 Review” 
(June 2008) :  http://www.oecd.org/LongAbstract/0,3425,en_33873108_33873539_40804559_1_1_1_1,00.html
[3]    Materials from the homepage of the Fraunhofer Institute for Building Physics (IBP), “Introduction of the 
History, Organization, and Fields of Work of the Institute” : 
http://www.japanbau.de/ibp/IBP-Vorstellung_japanisch2.pdf  (Japanese)
[4]     Ministry of Land, Infrastructure and Transport (MLIT), Council for Social Infrastructure, Building Division, 
4th Sectional Meeting on Residential and Building Energy Conservation, Materials 1 “Measures for Energy 
Conservation in the Housing and Building Field” (December 2007) :
http://www.mlit.go.jp/singikai/infra/architecture/energy_conservation/gijigaiyou4/04.pdf  (Japanese) 
[5]     Ministry of Economy, Trade and Industry (METI), Advisory Committee on Energy and Natural Resources, 
Sectional Meeting on Energy Conservation, Policy Subcommittee (Round 1), Materials 3, “Conditions 
Affecting Energy Consumption, Status of Implementation of the Energy Saving Law, and Related Issues" (July 
2007) : http://www.meti.go.jp/committee/materials/downloadfiles/g70719c04j.pdf  (Japanese) 
[6]    T. Karatsu,  “Overview of World Energy Conservation Standards,” The Kenchiku Gijitsu No. 679 (August 
2006). (Japanese) 
[7]    T. Karatsu, “EU (European Union) Energy Performance of Buildings Directive,” The Kenchiku Gijutu No. 
677 (June 2006). (Japanese) 
[8]      T. Karatsu, “Standards in the United States: Six Alternatives from Simulation to Standards for Specifications,” 
The Kenchiku Gijutu No. 673 (February 2006). (Japanese) 
[9]    T. Karatsu, “UK Energy Conservation Standards: Strengthened Roughly Every 5 Years,” The Kenchiku 
Gijutu No. 667 (August 2005). (Japanese) 
[10]   T. Karatsu, “German Standards Requiring Multi glazed and Gas filled Glass in Windows,” The Kenchiku 
Gijutu No. 669 (October 2005). (Japanese)
[11]   Ministry of Land, Infrastructure and Transport (MLIT), Information related to the Revised Energy Saving 
Law (April 2006) : http://www.mlit.go.jp/jutakukentiku/house/syouene/shouene.html  (Japanese) 
[12]    Homepage of the Building Energy Codes Program, United States Department of Energy (DOE) :
http://www.energycodes.gov/training/presentations/2006IECC.ppt
Q U A R T E R L Y  R E V I E W  N o . 3 3  /  O c t o b e r  2 0 0 9
87
[13]    Building Regulations of the United Kingdom, Planning Portal homepage, Part L - Dwellings :
http://www.planningportal.gov.uk/england/professionals/en/1115314110382.html
[14]   DENA (Deutsche Energie Agentur: German Energy Agency), Energy Conservation Standards, homepage 
of EnEV : http://www.zukunft-haus.info/de/seitenpool/neubau/beispielhaeuser/enev-standard-haus.html 
(German, with link to English)
[15]    DENA, homepage of Energy Pass certificate :
http://www.zukunft-haus.info/de/service/presse/pressemitteilungen/dena-guetesiegel-garantiert-hohe-
qualitaet.html  (German, with link to download PDF file)
[16]    EC (European Commission), homepage of POLYCITY : http://www.polycity.net/en/index.html
[17]    EC (European Commission), homepage of CONCERTO: 
http://concertoplus.eu/CMS/component/option,com_frontpage/Itemid,239
[18]   Homepage of the Flat Glass Manufacturers Association of Japan, Survey research materials, “Effect of ‘Multi-
layer Glass’ for Reducing CO2”: http://www.itakyo.or.jp/toukei/kankyo1_2.html  (Japanese) 
[19]   Homepage of the Flat Glass Manufacturers Association of Japan, Survey research materials, “Transition in 
Penetration of Multi-layer Glass” (April 2008) :
http://www.itakyo.or.jp/toukei/ecoglass_penetration_0804.pdf  (Japanese) 
[20]  73rd Session of the Council for Science and Technology Policy, Materials 3, “Global Warming 
Countermeasure Technologies Utilizing Innovative Energy in the Residential/Commercial Sector – 
Ultra-High Efficiency Heat Pump” (January 2008) :
http://www8.cao.go.jp/cstp/siryo/haihu73/siryo3.pdf  (Japanese) 
[21]   K. Urashima and T. Toma, “Electric Power Technologies Contributing to Reduction of Greenhouse Gases,” 
Science and Technology Trends No. 90, September 2008:
http://www.nistep.go.jp/achiev/ftx/jpn/stfc/stt090j/0809_03_featurearticles/0809fa01/200809_fa01.html 
(Japanese; to be published in English) 
[22]   Materials published by the Federation of Electric Power Companies, “Energy Note No. 13 (May 2007). 
(Japanese) 
[23]   Homepage of the Flat Glass Manufacturers Association of Japan, Survey and Recommendation on Energy 
Conservation, Reference materials, “Energy Conservation in Housing and Buildings and the Importance of 
“Opening Parts” : http://www.itakyo.or.jp/kyoukai/iken4.html  (Japanese) 
[24]   Asahi Glass Co., Ltd., Glass Plaza Digital Catalogue, “Appropriate Materials and Appropriate Locations for 
Flat Glass in Residences,” pp. 19 : http://www.asahiglassplaza.net/catalogue/tekizai/00109.pdf  (Japanese) 
[25]   Homepage of the Flat Glass Manufacturers Association of Japan, Monthly publication, “16. Energy Saving 
Effect of Thermal Insulation in Residential Windows – Energy Saving Superiority in case of Adoption of Eco 
Glass (Low-E Multi-Layer Glass – ,” Attached materials: 
http://www.itakyo.or.jp/kankou/pdf/kenchiku16.pdf   (Japanese) 
[26]    Homepage of Excel Shanon Corporation, from product catalogue : http://www.shanon.jp/  (Japanese) 
[27]    Homepage of Tokyu Homes Corporation, Materials on the performance of Millcreek Thermal Insulation :
http://www.millcreek.jp/performance/heatproof.html  (Japanese) 
[28]    Homepage of Imakawa Architectural Design and Supervision Company, technical materials : 
http://www.imagawa-k.jp/cat9/cat25/ (Japanese) 
[29]    Sekisui Chemical Co., Ltd., Materials on functional building materials, “Phenovaboard” :
http://i-front.sekisui.co.jp/kenzai/html/kinoukenzai_01phenova/02_about/index01.html  (Japanese) 
[30]    Homepage of the Passive House Institute (Germany) : http://www.passiv.de/07_eng/haupt_e.html
Definition : http://www.passivehouse.com/English/PassiveH.HTM
[31]   Homepage of NEDO (New Energy and Industrial Technology Development Organization), Invitation of 
proposals and project explanation meeting for Fiscal Year 2008 “Project for Promotion of the Introduction 
of High Efficiency Energy Systems in Housing and Buildings,” (item in connection with housing) “High 
Efficiency Systems – Housing” :
http://www.nedo.go.jp/informations/koubo/200205_1/200205_1.html  (Japanese) 
88
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
Hiroya FUJIMOTO
Visiting Researcher
Environment and Energy Research Unit,NISTEP
http://www.nistep.go.jp/index-j.html
PhD. (Mechanical Engineering.)
Previously performed research planning and social research after engine research at Nissan 
Motors, Ltd. Currently conducts research and studies with the interest in the environmental and 
energy fields. Aims to establish science and technology policies, and to realize an ideal society for 
people.
(Original Japanese version: published in December 2008)
Profile
[32]    Homepage of Hokkaido Sekisui Heim Co., Ltd., Materials on the performance Chezdan Thermal Insulation :
http://www.hokkaido-heim.com/lineup/chezdan_index.html  (Japanese)
[33]   Ministry of Economy, Trade and Industry (METI), Agency for Natural Resources and Energy, “Energy 
Conservation Strategy 2008.” pp.4-8, Energy Saving-type Information and Living Space Creation 
Technologies – Technology Strategy Map” (July 2008) :
http://www.enecho.meti.go.jp/policy/saveenergy/saveenergy-strategy/2008b.pdf  (Japanese)
